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SPECIFICATION 



1. Title of the Invention 

Thin film semiconductor display device and its manufacture 



2. Claim 

L A thin film semiconductor display device at least comprising: 



a display portion having pixels arranged in a matrix form, said pixel comprising a 



first active element comprising a thin film semiconductor, a pixel electrode, and a display 
medium; and 

a controlling circuit having a second active element comprising a thin film 
semiconductor for controlling the display portion, 

wherein a crystallinity of a channel portion of the first active element is lower 
than that of the second active element and that of source and drain portions of the first active 
element. 

2. A method of manufacturing a thin film semiconductor display device characterized in that 
an impurity in a first active element of the thin film semiconductor display device is activated 
by an energy beam once or more, and crystallinity of a second active element is improved 
once or more and an impurity in the second active element is activated once or more, 
respectively. 

3. Detailed Description of Invention 
[Industrial Field of Invention] 

The present invention relates to a thin film semiconductor device, in particular, 
relates to an active matrix display device using a liquid crystal or the like. 
[Prior Art] 

Recently, a thin film transistor (Thin Film Transistor: hereinafter referred to as a 
TFT) is formed on a transparent insulating substrate such as glass by using a semiconductor 
thin film formed at a low temperature. The display device in which a liquid crystal is driven 
by the TFT, is actively developed. As a semiconductor material, a polycrystalline silicon 
(Poly-Si) or an amorphous silicon (A-Si) is used. Conventionally, an integrated circuit was 
externally mounted to drive the liquid crystal display device. However, in order to reduce 
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the cost for the display device, the following has been attempted: a driver circuit is formed 
with TFTs and built in the same substrate as the display device. (Solid State Dev, and Mater, 
Ext, Abst, Tokyo, 1987 p.55) Therefore, as a semiconductor material, a poly-Si having large 
carrier mobility is used. The Poly-Si has an advantage that carrier mobility thereof is larger 
than that of A-Si by one digit or more. However, in the case where a transistor having a MOS 
(Metal Oxide Semiconductor) structure is formed, the Poly-Si has a disadvantage that 
reversed leak current is large. When reverse leak current of TFTs is large in the display device, 
it is difficult to display colors having a half tone (full-color display), and at least eight colors 
(multi-color display) can be displayed. Namely, it is possible to display a half-tone by using 
an A- si material, though peripheral circuits should be provided on the outside. On the other 
hand, when a Poly-Si material is used, peripheral circuits can be built-in the display device. 
However, it is difficult to display a half-tone. Therefore, there are such attempts that TFTs 
are formed by using A-Si materials, and only peripheral circuit portions are treated with laser 
irradiation, thereby carrier mobility is increased. In general, since TFTs fabricated by using an 
A-Si material has reverse stagger structure (for example, see Appl. Phys. Lett., 45, 171(1984)), 
it is difficult to perform laser annealing on an interface region between a gate insulating film 
and an A-Si. Further, carrier mobility does not sufficiently increase and it is difficult to drive 
peripheral circuits. 

[Problems to be solved by the Invention] 

Since the conventional technique mentioned above did not take the process of 
forming a display device into consideration, it was practically difficult to provide TFTs having 
different characteristics in the peripheral circuit portion and in the pixel portion, respectively. 

The purpose of the present invention is to built-in the peripheral circuits and also 
to provide a structure of a display device having good display characteristics and 
manufacturing method thereof. 

[Means to solve the problem] 

The above purpose is attained by making a crystallinity of a TFT of a channel 
region of the display portion (pixel portion) lower than that of a TFT of source and drain 
regions of the display portion and that of a TFT of peripheral driving circuit portion in the 
display device. Further, detailed description will be follow; TFTs of a peripheral driving 
circuit portion in the display device are formed by using Poly-Si and source and drain regions 
are formed by Poly-Si, and a channel region is formed by A-Si in the case of pixel portion 
TFTs. Further, the above purpose is attained by using the manufacturing method in which 
crystallization of A-Si and an activation of impurity atoms are performed by laser to form 
TFTs of a peripheral circuit portion in the display device, and an activation of impurity atoms 
is performed by laser to form TFTs for the pixel portion. 
[Operation] 

The effect of the present invention will be explained using an example of coplanar 
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type TFTs structure as shown in Fig. 1. These TFTs have an n + -i-n + type constitution. As 
shown in Fig. 1(a), since the n + -i-n + region is formed with Poly-Si, large carrier mobility is 
obtained, thereby a circuit is easily driven. Large reverse leak current is flown in the TFT, 
however, on/off of driving mode is performed by positive current and zero current. Therefore, 
driving of circuit is not affected. Regarding TFTs for a pixel portion, as shown in Fig. 1(b), n + 
region is formed by Poly-Si and i-region is formed by A-Si. In general, carrier mobility and 
reverse leak current of TFTs are determined by crystallinity and resistivity of a silicon in the 
channel region, respectively. Since the channel region is formed by A-Si, the mobility of the 
channel region is small as about lcm 2 /Vs, however, since the resistivity is 10 7 Qcm or more, a 
leak current is small as 10~ 12 A, and a half tone can be displayed. 

The manufacturing method of the present invention using such as laser will be 
explained. On a glass substrate, an A-Si film is formed by reduced pressure CVD (Low 
pressure CVD: LPCVD). After an SiC>2 film for capping is deposited, a peripheral driving 
circuit forming region is irradiated with laser of about 300mJ/cm\ the region is converted to 
Poly-Si. Then, the silicon film is photo-etched to islands and a silicon film for gate electrode 
is deposited by LPCVD. After the photo-etching process, phosphorus is doped by an 
ion-doping method. Then, laser of about 200mJ/cm 2 is irradiated to the peripheral driving 
circuit region and the pixel region. Impurity atoms of source and drain in the peripheral 
driving circuit region are activated. Further, in source and drain regions of a gate region and a 
pixel region, the crystallization of A-Si and the activation of an impurity are performed 
simultaneously. Since the upper portion of the channel portion in pixel region is covered with 
a gate electrode, A-Si is remained without being converted to Poly-Si. According to the 
manufacturing method, the display device in which a peripheral driving circuit region is 
constituted with Poly-Si, source and drain regions of the pixel portion are constituted with 
Poly-Si, and a channel region is constituted with A-Si. 
[Embodiment] 

Hereinafter, an embodiment of the present invention will be explained. 

Fig. 1(a) and (b) show an example of cross sectional structure of TFTs used in the 
peripheral circuit portion and the pixel portion. The source, drain, and channel regions of 
TFTs shown in Fig. 1(a) are constituted with Poly-Si. Therefore, the carrier mobility is 
35cm 2 /Vs and reverse leak current is 5 x 10~ ll A when -5V voltage is applied to the gate 
electrode. The source and drain regions of TFTs shown in Fig. 1(b) are constituted with 
Poly-Si and on the other hand, the channel region is constituted with A-Si. Therefore, the 
carrier mobility is small as about lcm 2 /Vs and reverse leak current is 3 x 10" l2 A when -5V 
voltage is applied to the gate electrode. TFTs shown in Fig. 1(a) and (b) are used in the 
peripheral circuit portion and the pixel portion, respectively, thereby fine circuit driving and 
liquid crystal driving for a half-tone display can be performed. 

Fig. 2 shows an example of the manufacturing method of the present invention. 
On a glass substrate, an A-Si film having a thickness of 800A is formed at a temperature of 
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550*0 by LPCVD. After an SiC>2 film for capping is deposited to a thickness of 1000A by 
atmospheric pressure CVD, only peripheral circuit portion is irradiated with excimer laser 
(wavelength; 308nm, energy; 300mJ/cm 2 ) as shown in Fig. 2(a), so that the A-Si film is 
converted to a poly-silicon film. After photo-etching process, an LPCVD film having a 1000 
A thick for forming a gate electrode is deposited at a temperature of 550 °C. After 
photo-etching process, phosphorus is doped by ion doping at a dose amount of 5 x 10 lD with 
energy of 30KeV. The SiC>2 film for capping is deposited to a thickness of 1000 A. As 
shown in Fig. 2(b) and (b)\ both of the peripheral circuit portion and the pixel portion are 
irradiated with excimer laser of 200mJ/cm 2 . By doing this, impurities of source and drain 
regions in the peripheral circuit portion are activated. Further, in the gate electrode portion 
shown in Fig. 2(b) and (b) 5 and the source and drain regions of the pixel portion shown in Fig. 
2(b) 5 , activation of an impurity and crystallization of A-Si are performed simultaneously. In 
the channel region of the pixel portion shown in Fig. 2(b) 1 , crystallization does not occur 
because laser energy is absorbed into the gate electrode portion. After photo-etching process, 
Al is deposited for wirings. Then, a transparent electrode, ITO (Indium Titan Oxyde) is 
deposited after the photo-etching process. After the photo-etching process, liquid crystal is 
injected between other glass substrate (a polarizing plate and a color filter are attached), 
thereby the display device is completed. Fig. 3 shows upper schematic view of the present 
invention. The shift register, level shifter and multiplexer are built in the scanning circuit of 
the peripheral circuit. Inverter and multiplexer are built in the signal circuit of the peripheral 
circuit. In the display portion, pixels having 396 x 133 dots are arranged and numerical 
aperture is 70 %. 

According to the above mentioned structure and processes, a display device 
having peripheral circuits built in the same substrate, and can be obtained enabling a half-tone 
display having 64 colors. 
[Effect of the Invention] 

According to the present invention, a half-tone color can be displayed and there is 
an effect that a display device having a peripheral circuit built in the same substrate can be 
obtained. 

4. Brief description of drawings 

Fig. 1 shows a structural drawing of an embodiment of the present invention, Fig. 

2 shows a schematic drawing of the manufacturing method of the present invention, and Fig. 

3 shows a plane structural drawing of an embodiment of the present invention. 

1 ... glass substrate, 2 ... source, 3 ... drain, 4 ... channel region (polycrystalline silicon), 5 
... channel region (amorphous silicon), 6 ... gate insulating film, 7 ... gate electrode, 8 ... 
passivation film, 9 ... aluminum electrode, 10 ... LPCVD film, 11 ... cap film, 12 ... laser 
light 
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